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Tropospheric ozone

* One of the goals of the assimilation of Aura data is to
produce maps of tropospheric ozone

» Different definitions of tropopause:
— temperature lapse rate (WMO)
— dynamical
— chemical

 What is the sensitivity of the tropospheric ozone
columns to different definitions of the tropopause?
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Background

* Bethan et al 1996: ozone defined
tropopause lower than WMO
tropopause by about 1 km.
When WMO tropopause
indefinite, 27% of the ozone
below WMO tropopause lies
above ozone tropopause. Sondes

from four European stations
51°N-79°N.
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Assimilation of Aura ozone data
within a GCM

Data:

e MLS stratospheric ozone profiles (for pressure <= 216 hPa,
some temporal gaps)

* US retrieved OMI total ozone data (for reflectivity < 15%)
* Time period: January-December 2005.

* The assimilation system model includes:

— transport within GEOS-4 general circulation model constrained by
meteorological analyses

— parameterizations for stratospheric photochemistry and heterogeneous
ozone loss

— a parameterization of the tropospheric chemistry (for year 1998).
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Sample validation

Assimilated ozone captures
larger scale variability seen

in MOZAIC data without

obvious systematic offsets
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Tropopause | Criterion Pressure
definition search range
WMO Lapse rate < 2K/km and |550 to
g‘fg’gllgr“:t‘z’ does not exceed 2K/km |75 hPa
2003) for 2 km above
Dynamical |Lower of: |PV|=3.5 PVU |> 51 hPa

or 0 =380 K
Ozone Ozone = 0.1 ppmv <500 hPa
from below
Ozone Ozone= 0.1 ppmv > 51 hPa

from above




Z.onal mean altitude of tropopause
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Z.onal mean tropospheric ozone column

Zonal mean tropospheric ozone column at O0Z15FEB2005

60
WMO ' ; ; ; ; ,
RE 4 . O e
Dynamical Troposphe.rlc
5071 Ozone frombelow o o column using
451--Ozone from above - e o s 0ozone tropopause
40 - ' ' ' ' ' lower than that
:‘E 35 - U.Sing WMO
¢ 30 Tropopause by
)0 5 in northern
. midlatitudes
10-
90S 605 305 £Q 30N BON 90N



Percentage of ozone column below WMO tropopause
that lies above ozone tropopause at 00Z15FEB2005
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Wind magnitude at 200 hPa at 1:30Z15FEB2005
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Conclusions

Assimilation of OMI and MLS ozone provides a
global dataset for studies of ozone in the UTLS.

Assimilated ozone agrees well with independent
MOZAIC and Hohenpeissenberg data.

The choice of the tropopause definition has a large
impact on the tropospheric ozone column.

The amount of ozone below WMO tropopause that 1s
above ozone tropopause 1s:

— About 10% on average in the northern middle latitudes in the
example for February 15, 2005

— Can exceed 80% depending on dynamical features.

Comparisons with dynamical tropopause and
applications to study of the stratosphere-troposphere
exchange are planned.
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qgeopotential height at 200 hPa at 1:30Z15FEB2005
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FamM ET AL TRACE GAS PERSPECTIVE

Background cont.

EHD'

&o1z0f i .

e Pan et al 2004: In 3 omop gStratosphere 65N 2
extratropics, a e
transition layer Z anf W
centered around S T e E

WMO trOpOpause :I | Cj:EO"ﬂmng iglm.“;‘jﬂ'l ) i
2-3 km thick, and

thicker near A
subtropical jet. ., ]
Aircraft data from 5o

STRAT and £ sof :
POLARIS 2 _

Altlude=rP &H, [<rm]



SHADOZ example 2

gtaaﬁmn: gélﬂvg., Fiji ﬁt =+I'F1'l:?l1!3 TGEESB[N} = EIBE 49; | FLA)
av, = . =
Launch time: 01:12 UT To3 CLER} 233¢ 54} DU
Temperature [C Ozone Miding Eatio mv
g0 —so Tomberetmre (L o0 4§ 5 8 B s
LA L B L L B L B | — T T
ok EI ]
P ;'
= -~
E _
Ho[ g Ozone |
13 ]
Eiﬁﬂ- _________________ :.%. ______ e = o1 17.2 km
i — = . .
Y R T = R Al e e 15.6 km
K WMO
B,
1w
T
1 ™
13
[ -l ] = e
ll:lﬂ'ﬂ'-iuuulu I I I I |'M'|}||I||||||||I||||
0 50 100 150 200 0 50 100 150 200

OJzone {obar})

{zone Mizing Ratioc (ppbv)



O3 [ppmv]

Latitude

Charlotte-Munchen

O3 [ppmv]

Miami-Munchen

Latitude

Assimilation vs MOZAIC

1

20050218 3 20050226 5 20050310
0.5 1 &osr 1 8os :
w 8 w : o
J%D —Gb —46 . =20 é 20 f%o —Sb —46 —éO 6 20 —%O —Eb —45 —éO 6 20
Longitude Longitude Longitude
60
s Assimilated ozone captures larger scale
1 variability seen in MOZAIC data without
A S S — obvious systematic offsets
0 -60 _40L0ngnud;20 0 20
1 T T 1 T T T 1 T T T
20050124 - 20050127 . 20050201
0.5 1 805t 1 805t 1
uu-‘ij;;!F:§§:::z:ClG}E*J&§E===--445{’\HL 8 ,AAu5“hH5d"qﬁl\ujkdyrtj‘at:h--tﬁh 8 Hh_nJN%:F=ﬂﬂ’&wtxk¢=vm-.idf=;yj\~
B0 s 0 , 20 0 20 -foo  -€0 260 -4@ 220 0 20 o o 0 0 =0 0 20
Longitude Longitude Lengitude
60 T
50F 1
40t 1
30F 1
2—%0 —SIO —4IO 2IO EJ 20

Longitude



(BT Ry

(BT Ry

p i =]

= ]

J

M 1« 2 o« o 1 . .
1 |

[ ] L |

Carnshesis - oo recie s ceecha Fea]

prBard Py

prBard Py

Mean differences
between assimilation
and sondes at
Hohenpeissenberg
for year 2005 are
smaller than 10%

between 10 and 500 hPa



